S
ystemic sclerosis (SSc) is a connective tissue disease of unknown aetiology, resulting in fibrosis of the skin and internal organs. 1 The pathogenesis of SSc includes microvascular alterations with perivascular inflammatory cell accumulation, abnormal collagen deposition, and immune dysfunction.
SSc microvascular involvement is characterised by endothelial injury, capillary abnormalities, and decay of angiogenesis, which lead to reduced blood flow, tissue ischaemia, and fingertip ulcers. 2 In SSc, capillaroscopy provides evidence for capillary modifications, such as mega-and bushy capillaries from the early phases, 3 which progress during the course of the disease, resulting in avascular areas with capillary dropouts in the advanced phase. 4 Thus, angiogenesis in SSc varies significantly during the disease, and its progressive impairment may be a further mechanism aggravating tissue ischaemia and damage. 2 In SSc, few reports focus on the modifications of angiogenesis. [5] [6] [7] Our group has shown that the proangiogenic vascular endothelial growth factor (VEGF), but not basic fibroblast growth factor, is significantly up regulated in patients with SSc from the first phases of the disease. 8 Angiogenesis is tightly controlled by various inducers and inhibitors that are balanced under normal conditions, so that it does not occur in healthy tissues. In hypoxic environments, angiogenic inducers are activated and outweigh the inhibitors, thus initiating angiogenic processes. 9 The kallikrein-kinin system (KKS), summarised in fig 1, plays a part in vasorelaxation, in tissue perfusion, in regulation of growth factors, inflammation, and angiogenesis. 10 11 All key components of the KKS are present in the vasculature and participate also in vascular remodelling. 12 13 Recently, attention has been drawn to the KKS as a recovery mechanism in ischaemic conditions. 13 T-kallikrein (hK1 or true tissue kallikrein) is a serine proteinase that cleaves low molecular weight kininogen to produce kinins. T-kallikrein is synthesised by endothelial and smooth muscle cells in the aorta as well as in medium and small vessels.
14 Thus, t-kallikrein synthesised in vessels is involved, through kinins, in the regulation of vascular homoeostasis 14 15 and in angiogenesis. 15 16 In fact, kinins may modulate a broad spectrum of vascular functions, including vasodilatation, plasma extravasation, and endothelial cell proliferation. 10 11 In patients with chronic peripheral vascular insufficiency, raised t-kallikrein levels were normalised after surgical revascularisation, 17 suggesting that t-kallikrein increase might represent a compensatory response to chronic ischaemia, attempting to maintain an adequate tissue perfusion. 17 Human kallistatin is a serine proteinase inhibitor that binds to t-kallikrein and inhibits its activity in vitro and in vivo. 18 19 Kallistatin is also a potent inhibitor of angiogenesis and tumour growth in vitro and in vivo by inhibiting VEGFand bFGF-induced proliferation, migration, and adhesion of cultured endothelial cells. effects independently from the KKS and inhibits angiogenesis in the rat model of hind limb ischaemia. 21 This study aimed at analysing, in SSc, the circulating levels of the angiogenic factor t-kallikrein and of kallistatin, its natural inhibitor, to correlate them with the main clinical features and with measures of microvascular involvement, and at analysing the tissue localisation of t-kallikrein in the SSc skin by immunohistochemistry.
PATIENTS AND METHODS
Forty three consecutive white patients with SSc (37 women, 6 men) were recruited at the Department of Medicine, Section of Rheumatology of the University of Florence. Their median age was 61 years (range 24-79). Thirty five white healthy subjects matched for age and sex (28 women, 7 men with a median age of 59 years (range 31-75)) served as controls.
The study was approved by the local ethical committee and written informed consent was obtained from patients and controls.
Patient assessment
Patients with SSc were classified as affected by limited cutaneous SSc (lSSc) or diffuse cutaneous SSc (dSSc). 22 The disease duration was calculated from the onset of the first non-Raynaud's symptom.
All patients were receiving treatment with calcium channel blockers, proton pump inhibitors, clebopride, topical glyceryl trinitrate, and intravenous alprostadil-a-ciclodestrine. Patients were not taking angiotensin converting enzyme inhibitors, corticosteroids, methotrexate, cyclophosphamide, D-penicillamine, iloprost, or other disease modifying drugs. Before sampling, they were washed out for 10 days from oral vasodilating drugs and for 2 months from intravenous alprostadil-a-ciclodestrine.
Blood samples were drawn in the fasting state from patients and controls from the antecubital vein in the morning between 8 00 to 9 00 am.
Skin and microvascular involvement
At the time of blood drawing, the presence of fingertip ulcers, other skin ulcers (for example, at heels, legs, elbows, forearms), telangiectasias, and Raynaud's phenomenon was recorded. Skin involvement was assessed according to recent guidelines 23 and scored with the modified Rodnan skin score. 24 
Nailfold videocapillaroscopy
After adaptation to room temperature (20-22˚C) for 15 minutes, nailfolds of all 10 fingers were analysed by nailfold videocapillaroscopy in each patient. The following features were examined: the presence of enlarged and giant capillaries, haemorrhages, loss of capillaries, disorganisation of the vascular distribution, and ramified/bushy capillaries. According to these features, patients were classified according to Cutolo et al 25 as follows: early pattern: few giant capillaries and capillary haemorrhages, relatively well preserved capillary distribution, no evident loss of capillaries; active pattern: frequent giant capillaries and capillary haemorrhages, moderate loss of capillaries with some avascular areas, mild disorganisation of the capillary architecture, absent or some ramified capillaries; late pattern: irregular enlargement of capillaries, few or absent giant capillaries, absence of haemorrhages, severe loss of capillaries with large avascular areas, severe disorganisation of the normal capillary distribution, frequent ramified/bushy capillaries. 25 
Lung involvement
Pulmonary function tests were performed in all patients. The carbon monoxide transfer factor (TLCO) by the single breath method, standardised for haemoglobin, was used as a measure of interstitial lung disease. 
Assay of t-kallikrein and kallistatin
Blood was drawn, centrifuged (1500 g, 15 minutes), and serum was collected and stored in aliquots at 220˚C until analysis. Immunoreactive t-kallikrein was measured, as previously described, 17 in duplicate with an ELISA assay specific for the active form of the enzyme (AngioProgen, s.r.l., Sassari, Italy).
Immunoreactive kallistatin was measured, as previously described, in duplicate with a specific ELISA assay. 27 Immunohistochemistry for t-kallikrein Skin biopsy specimens were taken from the affected skin of the forearm of six patients with SSc (four women, two men; median age 60 years (range 28-75); median disease duration 5 years (range 1-20)), classified according to disease duration as early ((3 years) and advanced (>3 years)) and from six healthy controls matched for age and sex who underwent surgery for traumatic reasons.
The specimens were fixed in periodate-lysine-paraformaldehyde fixative. 28 The tissue blocks were dehydrated in alcohol graded series and embedded in paraffin. Sections (5 mm) were mounted on glass slides coated with polylysine. The sections were incubated sequentially with primary rabbit polyclonal antibody raised against human t-kallikrein (1:1000; Calbiochem, UK), then with biotinylated goat antirabbit IgG. The immunoreactivity was detected using the avidin-biotin complex followed by binding horseradish peroxidase (Vectastain Elite ABC kit; Vector Laboratories, Burlingame, CA, USA). Control samples were prepared by omitting primary antibodies. All the sections were observed under a light microscope (Nikon Eclipse E400) and photographed by digital camera (Cool pix 2500 Nikon).
Statistics
Data are shown as box plots with median and upper and lower quartiles. Data were analysed using SPSS 11.5. Descriptive statistics were expressed as median and range Figure 2 T-kallikrein levels in SSc, lSSc, dSSc, and controls. *Significantly higher versus controls. Table 1 shows the demographic and clinical characteristics of the patients with SSc. Thirty two patients had lSSc and 11 dSSc. 22 The median disease duration was 5 years (range 2-36). According to capillaroscopic characteristics, 5 patients presented an early pattern, 31 patients had an active pattern, and 7 showed a late pattern. 25 Patients with dSSc had higher values of skin score and lower TLCO% than patients with lSSc. Age and disease duration did not differ between the two subsets. None of patients with SSc have ever presented signs of ''scleroderma renal crisis''.
RESULTS

Patients
Circulating levels of t-kallikrein and kallistatin
Serum levels of t-kallikrein were significantly higher in patients with SSc (median 169 pg/ml, range 35-2253) than in healthy controls (median 85 pg/ml, range 7-689; p,0.001; fig 2) .
No difference was detected between lSSc (median 190.5 pg/ml, range 54-2253) and dSSc (median 102 pg/ml, range 35-328) and between dSSc and healthy controls, while t-kallikrein levels were higher in lSSc than in controls (p,0.001) (fig 2) .
No differences in kallistatin levels were detected between patients with SSc (median 15.2 mg/ml, range 0.960-240) and controls (median 15.0 mg/ml, range 4.91-63.3), or between lSSc (median 12.0 mg/ml, range 0.960-240) and dSSc (median 28.5 mg/ml, range 7.81-226.0) or between lSSc and dSSc versus controls.
The levels of t-kallikrein and kallistatin were positively correlated in healthy controls (p = 0.02, r 2 = 0.468), but not in SSc, or in lSSc or dSSc.
Levels of t-kallikrein and kallistatin and autoantibodies, capillaroscopic and clinical features
In SSc, t-kallikrein levels did not differ significantly between patients with early (median 203 pg/ml, range 174-399) and active capillaroscopy pattern (median 182 pg/ml, range 74-2253), but were both significantly higher than in patients with late capillaroscopy pattern (median 102 pg/ml, range 35-204; p = 0.01 and 0.02, respectively; fig 3A) .
As the features of each capillaroscopic pattern are different, but somewhat overlapping between early, active, and late groups, levels of t-kallikrein were also correlated with the single capillaroscopic changes. 25 Levels of t-kallikrein were significantly higher in patients with giant capillaries and microhaemorrhages, characteristic of early and active capillaroscopic patterns (median 191 pg/ml, range 76-2253) than in patients with architectural derangement (loss of capillaries and presence of ramified/bushy capillaries), characteristic of late capillaroscopic patterns (median 120 pg/ml, range 35-236; p = 0.04; fig 3B) .
No differences in age and in disease duration were found between patients with SSc with early, active, and late capillaroscopic patterns.
No significant correlation of t-kallikrein levels with age, disease duration, skin score, TLCO, telangiectasias, fingertip ulcers, and other skin ulcers was found. No significant differences in t-kallikrein levels were detected between patients with and without ACA antibodies, nor in Scl-70 positive patients compared with Scl-70 negative patients.
In SSc, kallistatin levels did not differ significantly between patients with early, active, and late capillaroscopy pattern. No significant differences in kallistatin levels were detected between patients with and without ACA antibodies, nor in Scl-70 positive patients compared with Scl-70 negative patients. No significant correlation of kallistatin levels with age, disease duration, skin score, TLCO, telangiectasias, fingertip ulcers, and other skin ulcers was found.
Immunohistochemistry
In the skin of healthy controls, vessels showed t-kallikrein expression in endothelial cells, smooth muscle cells, and in pericytes ( fig 4A) . A positive immunoreaction was also detected in the wall of the vessels near to and between hair follicles and skin glands.
In the skin of patients with early SSc (2/6 patients), positive immunoreactivity for t-kallikrein was seen in the endothelial cells of microvessels and in the perivascular inflammatory infiltrate in the papillary derma, near to the dermo-epidermal junction (fig 4B) .
In the skin of patients with advanced SSc (4/6 patients), the few remaining vessels showed no immunostaining for t-kallikrein ( fig 4C) . Immunoreactivity was only detected in the endothelial cells of the few microvessels present between the scarce sebaceous glands and the few nerves that were still present.
DISCUSSION
Our data show that circulating levels of t-kallikrein, but not of kallistatin, are significantly modified in SSc. The source of the increased levels of t-kallikrein in patients with SSc remains unknown. T-kallikrein mRNA has been found in a variety of tissues and organs, such as kidney, adrenal and pituitary glands, pancreas, and endometrium. 15 Probably, the sources of circulating t-kallikrein are endothelial cells, vessel smooth muscle cells, 14 16 or neutrophils, 29 30 whereas circulating kallistatin probably derives from endothelial and smooth muscle cells. 14 In the blood stream, t-kallikrein contributes to reduction of vascular tone and increase of tissue perfusion in the microcirculation, to angiogenesis, and to the regulation of growth factors and inflammation, 31 all mechanisms which are involved in SSc pathogenesis. 1 Our data strongly suggest that the increase of t-kallikrein, not counteracted by a concomitant increase of kallistatin levels, correlates with an early and active derangement of the microcirculation. The t-kallikrein increase associated with early and active capillaroscopic pattern and/or with giant capillaries and microhaemorrhages, might be interpreted as a reaction to chronic ischaemia and/or as a frustrated attempt to provide effective angiogenesis through KKS enhancement.
In skin samples from patients with early SSc, t-kallikrein was detected in endothelial cells and in perivascular inflammatory infiltrate, whereas no staining was noticed in the skin from patients with advanced SSc, despite the rise in t-kallikrein circulating levels. A similar finding has already been seen in breast cancer, where prostate-specific antigen (hK3), a member of the kallikrein family, was raised in the serum of patients with breast cancer, but down regulated in tissue samples. 33 These results suggest that in the early phases of SSc t-kallikrein may participate in the skin inflammatory process and in angiogenesis and that, later, synthesis at the vascular level is decreased, possibly owing to the functional exhaustion of endothelial cells.
In SSc, the reduction of vessel patency may consistently slow blood flow. T-kallikrein is activated by low flow and chronic ischaemia, and kinins generated by t-kallikrein may represent a compensatory mechanism helping to preserve tissue perfusion 34 ( fig 1) . Our data are in agreement with those obtained in patients with chronic ischaemia, such as chronic peripheral vascular insufficiency, where high t-kallikrein levels were interpreted as a compensatory response to chronic arterial insufficiency, in order to maintain an adequate tissue perfusion. 17 T-kallikrein, activating type IV collagenase, 33 is deeply involved in angiogenesis. 10 13 17 It favours the degradation of vascular basal membrane and extracellular matrix, essential for the first steps of angiogenesis. Kinins generated by t-kallikrein and acting by B 2 and B 1 receptors cause extravasation of plasma proteins, proliferation of endothelial cells, [35] [36] [37] and stimulate the release of NO and prostaglandins 38 that promote angiogenesis directly or by stimulating substance P and VEGF. [38] [39] [40] In patients with SSc, serum levels of endostatin, a potent angiogenesis inhibitor, were found to be raised in the serum of patients with SSc and it was suggested that they played a part in the development of ischaemia. 41 In contrast, we found normal levels of the angiogenesis inhibitor kallistatin. Thus, it is likely that the disturbance of KKS-induced angiogenesis is not related to a blockade of the biological effects of t-kallikrein by its specific inhibitor kallistatin. 27 Therefore, high t-kallikrein levels, not counteracted by its inhibitor, may contribute, in damaged vessels, to the genesis of microhaemorrhages and giant capillaries.
Concurrence of different angiogenic growth factors is essential for reparative angiogenesis. The KKS shares important features with VEGF, such as plasma extravasation, vasodilatation, and endothelial cell proliferation. Our data show an increase of circulating t-kallikrein in patients with SSc, and up regulation of VEGF levels has also been reported in SSc by our group. 8 Both t-kallikrein and VEGF may be triggered by hypoxia, 7 17 but in SSc, despite their presence in high levels they cannot induce adequate angiogenesis.
The KKS may have a role in the development and maintenance of SSc also through kinins, whose tissue and circulating concentrations might also increase for the reduction of circulating angiotensin converting enzyme 42 ( fig 1) . Kinins produced by t-kallikrein, by vasodilatation, and by plasma extravasation, lead to tissue oedema 35 36 and inflammation and may also become a potential trigger for fibroblast and vascular smooth muscle cell activation. 43 44 In the skin of patients with early SSc the presence of t-kallikrein in endothelial cells and in perivascular inflammatory infiltrate confirms the hypothesis that t-kallikrein is involved in the inflammatory process. T-kallikrein or other components of the KKS may amplify the production of inflammatory and fibrotic mediators, [44] [45] [46] [47] [48] thus regulating a wide array of substances involved in SSc pathogenesis. Thus, the KKS system, particularly kinins, may contribute, in the early oedematous phase of SSc, to the development of ''puffy digits'' and, in more advanced phases, to the development of fibrosis. 43 In the skin of patients with advanced SSc, the lack of t-kallikrein staining in most of the vessels suggests that the decrease of t-kallikrein synthesis at the vascular level is concomitant with the progressive involvement of the skin.
In conclusion, this study provides evidence for a rise in circulating t-kallikrein levels in SSc with early and active microvascular involvement and for participation of t-kallikrein in the early phases of the SSc skin inflammatory process. Further studies will investigate the functionality of receptors and downstream transcription factors of t-kallikrein and other components of the KKS in SSc. 
